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TEST OF A DE LAVAL TURBO PUViP
.
I Preliminary Remarks.
The following is a report of tests made on a De
Laval Turbo Pump at the Mechanical Engineering Labarator.,
of the University of Illinois, from April 10 to April 24,
1906. The parties in charge of the tests were A. R. Bench
and L. P. Robert, under the supervision of Professor D. T.
Randall
.
II Object.
The object of the tests was to determine the per-
formance of the pump, with the turbine running both con-
densing and non-condensing, in the following particulars.
(a) To determine the economy of the steam driv-
en turbo pump by determining the number of pounds of com-
mercially dr., steam consumed per water horse power hour.
(b) To measure the capacity of the pump over a
range of delivery heads varying from 50 pounds to 217
pounds per square inch pressure.
(c) To find out if it would be an economical
proposition to install a De Laval steam turbo pump in the
pump room of the University heating plant to furnish feed
water to the boilers.

3(d) To verify the claims of tue manufacturers
that the pump was capable of delivering 140 gallons of
water per minute against 500 feet head,
III Description of Apparatus,
a. Pump.
The pump tested was a two stage centrifugal
pump Number 3640, Type I. X. P., manufactured by the De
Laval Steam Turbine Company of Trenton, New Jersey. It
was designed for a delivery of 140 gallons of water per
minute against a head of 500 feet which corresponds to a
delivery of .312 cubic feet of water per second against
a pressure of 217 pounds per square inch.
The low pressure pump wheel was driven at a
speed of 2200 revolutions per minute by direct gearing to
the shaft of the turbine wheel. The high pressure pump
wheel was driven at a speed of 22000 revolutions by direct
connection to the shaft of the turbine wheel.
The dimensions of the pump are as follows
:
Low Pressure. High Pressure
Diameter of Suction 4 inches 4 incnes
Discharge 4 " 3
" " Pump Wheel 7 " 2 "
Number of Vanes 4 6
/ 5Width of Vanes -s inches ^ inches
The pump was so arranged that it lifted the water
about six feet from a large concrete tank under the floor

lino of the Laboratory. Tho dimensions of the tank are
12 1 x 6* x and it contained approximately 2300. gallons
of water.
b„ Maasuring Box.
The water from the turbine was delivered to
a jet measuring box, where it was measured and discharged
back into the tank. This jet measuring box is as shown in
figure 1, page 38 . The glass tube T has an internal di-
ameter of .5 inch and is provided with a brass tip P. This
tip is about 1.5 inches long and conical in shape. It has
a bore of .12 incn, this being made small in order to reduce
the fluctuation of the water column in the tube. It is ad-
justed concentrically and even with the top face of the dis-
charge pipe in the box. The clamps as shown in the figure,
provide for a vertical adjustment of the tube, enabling it
to be easily adjusted in the proper position. A wooden rod
was placed in the clamps along side of tne tube. This rod
was graduated to tenths and hundredths of a foot.
The measuring box was calibrated in the Hydraulic
Laboratory of the University of Illinois by G. V. Seastone
"95. The results of this calibration were published in the
Technograph, Volume XIV, page 9>8. By duplicating the appara-
tus used by Mr. Seastone, it was made possible to use his re-
sults in the determination of tne water discharged. A curve
showing coefficients obtained by Mr. Seastone is shown on
page £>9 •
c. Condenser.
The condenser used was a Wheeler surface con-

5denser. The cooling water used to condense the exhaust
steam was piped from a stream a short distance away and
discharged back into it. The condensed 3team was run in-
to a tank set on a platform scale and weighed.
d. Steam Gauges,
The steam pressure gauges were placed, one
just above the governor throttle valve of the turbine, and
one just, below it, so that the differences in pressure be-
tween the two could be obtained. The gauge just below
the throttle valve indicated the steam pressure at entrance
to the turbine nozzles,
9. Water Gauges.
A pressure^was placed in tne delivery pipe
of the low pressure pump in order to find out at what pres-
sure the water was delivered to the high pressure pump.
Another gauge was placed on tiie delivery pipe of
the high pressure pump just under the throttling valve.
All gauges were calibrated by the Crosby oil gauge
tester in the instrument room of the Mechanical Engineering
Laboratory.
f. Speed Indicator.
The metnod of tafeing speeds of tne turbine
was by the use of a tachometer on the low pressure pump
shaft. If these results are multiplied by ten, the speeds
of the high pressure pump and of the turbine are obtained.
The tachometer was not calibrated and tne results can not
be proved to be strictly accurate.

6IV Manner of Conducting lest*
a. Method of Starting.
Tne pumps, as a rule, had to be primed be-
fore starting owing to a defect in the foot valve in the
intake pipe
.
The turbine was brought slowly up to governor
speed and the total head of water was increased to the work-
ing pressure by means of the throttle valve on the deliver^
pipe from the high pressure wheel. The pump was allowed
to run from ten to fifteen minutes before readings were tak-
en in order to get everything under normal conditions.
b» Readings and Duration of Tests.
Readings were taken at ten minute intervals
for a period of two hours for each head while running both
condensing and non-condensing. The readings taken were;
(1) steam pressure above the throttle valve, given as"Steam
I" in the tables; ([£) the steam pressure below the throttle
valve, given as "Steam II" in the tables; (3) the water
pressure above the high pressure pump; (4) the vacuum, in
the tests running condensing; (5) the R. P. M.; and (6) the
height, of the water in the tube.
c. Method of Measuring Steam.
The steam was condensed in all tests and
weighed on platform scales.
V Methods of Calculation.
a. Method of finding the discharge.

The discharge in cubic feet per second was
found from the formula Q,= ca~\(2gh in Thich
"QJ is the dis-
charge in cubic feet per second, "o" is a coefficient de-
pending on the height of the water column and the size of
the pipe in the measuring box, "a" is the area of the pipe
in the measuring box in square feet, "g" is the accelera-
tion due to gravity, 32.16, "h" is the height of the water
in the tube. The coefficient "c M was obtained from the
carves plotted bj Mr. Seastone in his calibration of tne
measuring box. The discharge in gallons per minute, "Qjl"
was found from Q, b,y multiplying by 7.48, the number of gal-
lons in one cubic foot, and by 60, tnus getting gallons
per minute. Taking the reading for 3:00 o'clock in test
number 1 for an illustration, the coefficient for h= 1.58
and a 3" pipe is .8232, a = .0525 sq. ft.
Q ( = .8232 x .0525 x~\/64.32 x 1.58 = .435 cu. ft. per s
Q = .435 x 7.48 x 60 = 195.5 gal. per minute.
b. Method of finding Water Horse Power.
The horse power is obtained from Q, , by the
formula H.P.= 6^» 5 x ft » lift . Tne feet lift was
550
taken as the reading of the gauge above the high pressure
pump reduced to feet of water, plus the distance from the
gauge pipe to the surface of the water in the pit.
To illustrate,
50 lbs per sq. in. x 2.304 - 115.2 ft.
distance from water to gauge = 6.3 M
Total lift = 121.5 "

H.P. = »435 x 62.5 x 121.5 _ h# p>
550 ~
c. Method of Finding Stoam Consumption.
The steam consumption per water horse power
hour fas found hy dividing the total steam consumption for
the two hoar run by tvo and by the average horse power for
the test. That is,
Steam consumption per
_
total steam consumption
water horse power hour 2 x average Wl H. P.
For example tne average water horse power developed in the
first test was 6.04. The total steam consumption was
2025 pounds.
Steam consumption per W. H. P. hr. = 2Q25 _ 167.6 lbs
2 x 6.04
VI Description of Tables and Curves,
a. Tables.
The tables giving the data for eacn test
contain the data taken at each reading, namely, the steam
pressure above (Steam I) and below (Steam II) the govern-
ing throttle valve, the water pressure in the pipe above
the high pressure pump, the vacuum in inches for the tests
running condensing, the R- P. M. of the low pressure pump
and the heighth of the water in the tube of the measuring
box. The tables also give the calculated results for each
reading and the coefficient of discharge used in each case.
The calculated results are the discharge or amount of water
pumped in cubic feet per second also in gallons per minute,
and the water horse power developed. Below each table is

9found the steam consumption por water horso power hoar
using the average water horse power developed in th3 two
hoar ran. This steam consumption is of commercially dry
steam. Prom calometer tests the staara was found to con-
tain on the average, about 1.5 per cent of moisture.
On page is a table giving the average re-
sults of each test, that is the total lift in feet, the
gallons per minute pumped, the water horse power developed
and the steam consumption per water horse power hour. This
table shows a comparison between the results running non-
condensing and those running condensing.
b. Curves.
The curves on page 3 shows the relation
betwesn the total lift in feet and the number of gallons
dalivered by the pump per minute with the turbine running
condensing. Curve number 2 shows the same relation with
the turbine running non-condensing. Curves number 3 and
4 show the relation between the steam consumption per wa-
ter horse power hour and the water horse power developed.
On pages <5^f and 25£T are curves number 5 and 6 showing the
relation between the total lift and the water horse power
developed with the turbine running condensing, and non-
condensing respectively. Curves number 7 and 8 show the
relation between the duty in foot pounds of work per 1000
pounds of steam and the gallons per minute pumped.

10
VII Conclusions,
a. Economy.
The most economical steam consumption run-
ning non- condensing was 73.2 pounds per water horse power
per hour, and running condensing was 63.9 pounds per water
horse power per hour. When the fact that the average
horse power for the former was 17,68 and for the latter
17.45, i3 considered, the rate is good. The turbine was
not running under ideal conditions but rather under ordi-
nary conditions. For an engine of that power under ordi-
nary conditions the rate was not an,y higher than other en-
gines. Running condensing the lowest steam rate was
reacned at the maximum horse power. In the case of the
tests running non-condensing, the lowest rate was reached
at a little under the maximum horse power. As would be
expected, the water rate increased with a decrease in the
horse power developed.
b. Boiler Peed Pump.
The average steam pressure in the Univer-
sity plant is 150 pounds per square inch. Taking the
values for a head of 352 feet or a little more tnan 150
pressure, the steam consumption, running non- condensing
as a boiler feed pump would run, is 75.1 pounds per water
horse power hour. For boiler feed pump service tnis is
satisfactory. The discharge was 189.9 gallons per minute
or 95000 pounds per hour. Considering a boiler horse
power to take 34.5 pounds of water per hoar at and from

//
212 degrees, tha 2000 horse power of boilers in the Uni-
versity plant would take a maximum of 69000 pounds of water
par hour. From these figures* it is seen tnat the pump
vould easily supply enough water. If used as a boiler
feed pump, it should give very satisfactory results.
• Capac ity .
As is seen from the table page / £ , the
pump came very close to delivering the rated amount of 140
gallons per minute against a head of 500 feet. It did
this under poor conditions. The throttle valve used to
obtain the desired pressure, -was very near the discharge
of the high pressure pump and the shocks caused by this
would tend to decrease the discharge.
d. General.
On the whole the tests snowed the pump to
be very satisfactory. The steam consumption at or near
full load was fairly good. It should be remembered tnat
this is based on water horse power and that all the losses
in the pump and turbine are contained in it. If figured
on the horse power delivered by the turbine, the steam
consumption would probably not be over .75 of the values
given. The pump came up to the rated capacity probably
as near as could be expected under the conditions.

TABLE OF RESULTS
TOTAL
UTT
DISCHARGE WA TEft
HO/fSEFOWEft
5TEAM
C0/V<SUMPrjON
CONOENS/NG
/2/2 203.8 6.Z6 /27.0
/78. 6 183.6 8-3/ /02.1
Z84.9 / / .06 82.0
234.0 158.7 / I -62 81. 7
351 .6 J57.
2
/ 3-90 764
Z58.2 Z6.39 67.8
466.8 Z47.5 / 7.45 63.9
506. Z32.6 / 7.00 64-
9
NONCONDENS/NG
12/.
5
Z96.5 6.04 /6 7\6
179J 199.4 8, SO /24.0
Z36J Z96.6 / / .77 993
233.6 Z92.6 /4.40 615
352.0 Z89.8 76.92 75./
409 2 Z70.Z Z7.66 73 .2
466.8 Z55.6 Z8.47 73.6
506.0 J'36.0 Z7.44 753
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